Activation of JNK has long been associated with the apoptotic response induced by various anti-cancer drugs including doxorubicin, vinblastine, and etoposide. In this study, we examined and compared patterns of apoptosis and JNK activation according to three different anti-cancer drugs (daunorubicin, vinblastine, and etoposide) and two different sources of HL60 cells (Jackson Laboratory and ATCC). HL60 cells from Jackson Laboratory (HL60/RPMI) were maintained in RPMI 1640 containing 5% fetal bovine serum and those from ATCC (HL60/IMDM) in IMDM containing 20% fetal bovine serum as to each manufacture's guideline. In general, HL60/RPMI cells were more sensitive to anti-cancer drugs compared to HL60/IMDM cells, demonstrated by the XTT and flow cytometric analyses. Apoptotic pathways after treatment with anti-cancer drugs seemed to be different between HL60/RPMI (daunorubicin and etoposide, caspase 3 dependent, but caspase 8 or 9 independent; vinblastine, caspase 3 independent) and HL60/IMDM (caspase 3 and caspase 9 dependent). The expression of apoptotic protein, BID, was consistent with caspase 3 activation. Immunoblotting of phospho-JNK and JNK kinase assay showed JNK activation by all three anti-cancer drugs in HL60/RPMI, while JNK activation was observed only in vinblastine-treated cells in HL60/IMDM. Our study results suggest that in vitro environmental conditions have a significant influence on JNK mediated apoptosis of HL60 cells by anti-cancer drugs and in vitro culture conditions are important factors in JNK or possibly other MAPK related studies.
INTRODUCTION
c-Jun N-terminal kinase (JNK), also known as stress-activated MAP kinases (SAPK), represents one of three groups of mitogen-activated protein kinases (MAPK) that are involved in the regulation of cell proliferation, differentiation, and apoptosis (Davis, 2000; Nishina et al., 2004; Weston and Davis, 2007; Dhanasekaran and Reddy, 2008) . JNK is a key regulator of many cellular events and has pro-or anti-apoptotic functions. Whether the activation of JNK leads to cell proliferation or apoptosis depends on cell type, nature of death stimulus, duration of its activation and the activity of other signaling pathway (Lin and Dibling, 2002; Liu and Lin, 2005; Dhanasekaran and Reddy, 2008) . JNK can be activated by several different stimuli including growth factors, cytokines, and stress factors such as ultraviolet irradiation, heat shock, osmotic shock, and many cytotoxic or genotoxic agents (Davis, 2000; Weston and Davis, 2007; Dhanasekaran and Reddy, 2008) . Multiple splice variants of JNKs encoded by three distinct genes, namely JNK1, JNK2, and JNK3, have been identified (Davis, 2000; Johnson and Nakamura, 2007) . JNK1 and JNk2 are ubiquitously expressed, but the expression of JNK3 is mainly restricted to brain, heart, and testis. There are different substrate specificities among isoforms; therefore, different JNK isoforms may play specific roles, but there is also complementation between the JNK genes (Davis, 2000; Cui et al., 2007) .
Anti-cancer drugs are considered to mediate cell death by activating key elements of the apoptosis program and the cellular stress response (Herr and Debatin, 2001) . MAPK signaling pathways have been implicated in the response of tumor cell to anti-cancer drugs Boldt et al., 2002) . Among the pathways, activation of JNK has long been associated with the apoptotic response induced by various anti-cancer drugs including doxorubicin (Osborn and Chambers, 1996; Yu et al., 1996; Brantley-Finley et al., 2003; Panaretakis et al., 2005; Lagadinou et al., 2008) , vinblastine (Osborn and Chambers, 1996; Brantley-Finley et al., 2003; Kolomeichuk et al., 2008) , etoposide (Osborn and Chambers, 1996; Brantley-Finley et al., 2003) , cytarabine (Sampath and Plunkett, 2000; Sampath et al., 2006) , and other agents (Choi and Lee, 2009 ). However, opposing functions of JNK have also been evidenced for anti-cancer drugs. JNK may play a protective role in some situations (Potapova et al., 1997; Wisdom et al., 1999) , and inhibition of JNK2 expression was shown to induce apoptosis of human tumor cell (Potapova et al., 2000) . In acute myeloid leukemia cells, multidrug resistance has been related to JNK activity (Potapova et al., 2000; Cripe et al., 2002; Do et al., 2007) . Cytarabine induced apoptosis in HL60 cells was preceded by the activation of JNK, but the inhibition of JNK activation did not block apoptosis of HL60 cells by cytarabine (Stadheim et al., 2000) . Thus, JNK signaling may induce apoptosis or promote cell survival and proliferation after treatment with anti-cancer drugs and may be dispensable for apoptosis. The effects of JNK on cellular responses to anti-cancer drugs appear to depend on the cell type, the class of anti-cancer drugs, the context of other signals received by the cell, and environmental conditions. We have studied the role of JNK activation on the effects of anti-cancer drugs and found different patterns of apoptosis according to different anti-cancer drugs and different sources of the same cells (HL60). Our results indicate that in vitro environmental conditions are important in the studies of JNK mediated apoptosis by anti-cancer drugs.
MATERIALS AND METHODS

Reagents
All of three anti-cancer drugs were used for the study: daunorubicin, vinblastine, and etoposide (Sigma-Aldrich, Saint Louis, MO). The drugs are common anti-leukemic agents and the main mechanism of action is inhibition of topoisomerase II in daunorubicin and etoposide, and inhibition of the assembly of microtubules in vinblastine. For the concentrations of the agents in this study, we made reference to a prior study, which investigated JNK activation by anti-cancer drugs (Brantley-Finley et al., 2003) . Primary antibodies for the immunoblot assays, which were against human antigens, and Chaps Cell Extract Buffer were purchased from Cell Signaling Technology (Danvers, MA).
The sodium 3´-[1-(phenylaminocarbonyl)-3,4-tetrazolium]bis (4-methoxy-6-nitro) benzene sulfonic acid hydrate (XTT) assay was performed with Cell Proliferation Kit II (Roche Applied Science, Switzerland).
Cell lines and culture media
Two difference sources of HL60 cells were used for the study: HL60 cells from ATCC (Manassas, VA), which were maintained in Iscove's Modified Dulbecco's Medium (IMDM; ATCC) containing 20% fetal bovine serum and 1% L-glutamine, and those from the Jackson Laboratory (Sacramento, CA), which were maintained in RPMI Medium 1640 (Invitrogen, Carlsbad, CA) containing 5% fetal bovine serum and 1% L-glutamine. The cells were passaged twice a week.
Assays for cellular viability
Cellular viability was evaluated using the XTT assay and flow cytometric analysis. The XTT assay is based on the cleavage of the yellow tetrazolium salt XTT to form an orange formazan dye by metabolically active viable cells (Gerlier and Thomasset, 1986; Jost et al., 1992) . For the assay, 1.5×10 3 HL60 cells were split onto each well of 96-well microplates. The XTT labeling mixture was added 72 hours after treatment of each anti-cancer drug and the microplates were incubated for 4 hours at 37 o C. The absorbance was measured using an ELISA reader at 480 nm with a reference wave-length at 650 nm.
For flow cytometric analysis of cellular viability (Krishan, 1975) , 1×10 6 cells re-suspended in 1.5 ml complete medium were put in a 15 ml polypropylene tube and 1.5 ml serum free medium including each anti-cancer drug was added. Twenty-four hours later, the cells were fixed with cold ethanol (70%) overnight at 4 o C, and were stained with 60 mcg/ml propidium iodide (PI; Sigma-Aldrich) containing 10 units/ml RNase ONE (Promega, Madison, WI) for 30 minutes. The cells were incubated at 4 o C until analysis. The percentages of PI stained cells were measured using a fluorescence-activated cell sorting flow cytometer (Becton Dickinson, San Jose, CA) and inbuilt software.
JNK assay and immunoblot analysis
Total JNK protein and activated phosphor-JNK protein were assayed with immunoblot analysis. The cells were lysed with Chaps Cell Extract Buffer and protein concentration was determined using a Protein Assay Reagent A (Bio-Rad Laboratories, Hercules, CA). The cell lysates (50 mcg) were fractionated by SDS-PAGE, and were transferred to nitrocellulose membrane by iBlot TM Dry Blotting System (Invitrogen). Membranes were blocked in 5% skim JNK kinase assay was performed 24 hours after treatment of anti-cancer drugs. After the cells were rinsed with ice-cold PBS, 0.5 ml ice-cold 1X Cell Lysis Buffer (Cell Signaling Technology) and 1 mM phenylmethylsulfonyl fluoride were added, and procedure of freezing and thawing was repeated three times. The lysates were centrifuged at 4 o C, 14,000 rpm for 10 minutes and the supernatants were adjusted to 500 mcg of protein in 0.5 ml, then stored at −80 o C. For immunoprecipitation with immobilized c-Jun substrate, 0.5 ml cell lysates were incubated with 500 mcg GST-C-Jun bead slurry (kindly provided by prof. E.J. Choi, Korea University) overnight at 4 o C. The immunoprecipitates were centrifuged at 4 o C, 5,000 rpm for 3 min to removed supernatant and washed two times with 500 mcl 1X Cell Lysis Buffer, then washed two times with 500 mcl 1X Kinase Buffer (Cell Signaling Technology). The washed immunoprecipitates were suspended in 50 mcl of 1X Kinase Buffer supplemented with 200 mcM ATP and incubated at 30 o C for 30 min. The reaction was stopped by addition with 20 mcl 2X SDS Sample Buffer (Bio-Rad Laboratories). The lysates were heated in a boiling water bath for 5 min and subsequently subjected to SDS-PAGE on a 12% polyacrylamide gel, then followed by immunoblot analysis.
RESULTS
Cellular viability after the treatment of anti-cancer drugs on two different sources of HL60 cells
Sensitivity to anti-cancer drugs was different between HL60 cells from ATCC (HL60/IMDM) and those from Jackson Laboratory (HL60/RPMI) (Fig. 1) . The cellular proliferation rates 72 hours after treatment with anti-cancer drugs were evaluated with the XTT assay, which indicated that the IC50 values for daunorubicin, vinblastine, and etoposide were lower in HL60/RPMI than in HL60/IMDM (0.04 mcM vs 0.2 mcM for daunorubicin, 0.02 mcM vs. 0.1 mcM for vinblastine, and 0.2 mcM vs. 3 mcM for etoposide) (Fig.  1A) . The results mean that HL60/RPMI has higher sensitivity to anti-cancer drugs than HL60/IMDM. Flow cytometric analysis with PI staining 24 hours after treatment with anti-cancer drugs showed similar findings to the XTT assay (Fig. 1B) . The proportion of apoptotic cells after etoposide treatment was much higher in HL60/RPMI than in HL60/IMDM (52.4% vs. 20.4%). Caspases play a crucial role in the execution of the apoptotic process (Philchenkov, 2004; Lavrik et al., 2005) . We observed different patterns of caspase activation after treatment of anti-cancer drugs between HL60/RPMI and HL60/IMDM (Fig.  1C) . In HL60/ RPMI, daunorubicin and etoposide caused the activation of caspase 3 and poly(ADP-ribose) polymerase (PARP), but vinblastine did not. In HL60/IMDM, however, all three drugs caused the activation of caspase 3 and PARP. Cleavage of caspase 9 by anti-cancer drugs was observed only in HL60/IMDM (not in HL60/RPMI), while caspase 8 was not activated both in HL60/RPMI and HL60/IMDM.
Activation of JNK by anti-cancer drugs
We observed the changes of intracellular JNK and phospho-JNK amounts 1, 3.5, and 7 hours after treatment of anti-cancer drugs ( Fig. 2A) . Intracellular amounts of total JNK protein did not change after treatment of anti-cancer drugs in HL60/IMDM, while amounts of JNK proteins in HL60/IMDM increased after treatment of anti-cancer drugs. Regarding JNK isoforms, amounts of JNK1/3 and JNK2 were similar in HL60/RPMI, while amount of JNK2 was less than JNK1/3 amount in HL60/IMDM. The patterns of JNK activation, measured by phospho-JNK, were different according to anti-cancer drugs and sources of cells. In HL60/RPMI, JNK was well activated after treatment of all three anti-cancer drugs although vinblastine induced acti-vation of JNK decreased more rapidly than daunorubicin or etoposide induced activation. In HL60/IMDM, only vinblastine caused activation of JNK. JNK kinase assay also showed increase of JNK kinase activity after treatment of each anti-cancer drug in HL60/RPMI ( Fig. 2A ).
Expression of apoptotic proteins by anti-cancer drugs
BH3 interacting domain death agonist (BID) and Bcl-2associated X protein (Bax) are pro-apoptotic members of the Bcl-2 protein family. BID expression patterns were correlated with activation patterns of caspase 3. In HL60/ RPMI, BID expression was upregulated by daunorubicin or etoposide, but not by vinblastine, while Bax expression was not changed after treatment of anti-cancer drugs (Fig.  3) . In HL60/IMDM, BID or Bax was constitutively expressed and was not changed by anti-cancer drugs. Survivin is a member of the inhibitor of apoptosis family and the survivin protein functions to inhibit caspase activation. Survivin expression decreased in HL60/RPMI by etoposide, but it was not changed in other situations.
DISCUSSION
In this study, we examined and compared patterns of apoptosis and JNK activation according to three different anti-cancer drugs (daunorubicin, vinblastine, and etoposide) and two different sources of the same cells (HL60/RPMI and HL60/IMDM). HL60 cells of each source were maintained with different culture media that were recommended by each manufacture's guideline. Surprisingly, patterns of apoptosis and JNK activation by anti-cancer drugs were significantly different between two sources of cells. In general, HL60/RPMI cells were more sensitive to anti-cancer drugs compared to HL60/IMDM cells, demonstrated by the XTT and flow cytometric analyses. Apoptotic pathways after treatment with anti-cancer drugs seemed to be different between HL60/RPMI (daunorubicin and etoposide, caspase 3 dependent, but caspase 8 or 9 in-dependent; vinblastine, caspase 3 independent) and HL60/IMDM (caspase 3 and caspase 9 dependent). The anti-cancer drugs that were used in this study have been known to induce apoptosis, at least in part, through caspase 3 activation (Gamen et al., 1997; Benjamin et al., 1998; Tashiro et al., 1998; Turnbull et al., 1999) . In this study, however, we could not find caspase 3 activation after vinblastine treatment in HL60/RPMI cells and expression of apoptotic protein, BID, was consistent with caspase 3 activation. The findings indicate that diverse apoptotic pathways are present in response to anti-cancer drug (Herr and Debatin, 2001) and there may be different cellular responses according to status of the cells even though the same anti-cancer drug (vinblastine in this study) is treated to the same cell type (HL60 cells in this study). Previous studies have shown that anti-cancer drugs induce the activation of JNK pathway, which may contribute to apoptosis or proliferation of cells Herr and Debatin, 2001; Boldt et al., 2002) . Immunoblotting of phospho-JNK and JNK kinase assay showed JNK activation by all three anti-cancer drugs in HL60/RPMI, while JNK activation was observed only in vinblastine-treated cells in HL60/IMDM. The findings suggest that the role of JNK pathway in the apoptosis after treatment with anti-cancer drugs may be various according to the cell type, nature of anti-cancer drug, and cellular status Herr and Debatin, 2001; Boldt et al., 2002; Brantley-Finley et al., 2003) The various patterns of apoptosis and JNK activation by anti-cancer drugs in this study may be originated from different in vitro environmental conditions between two sources of cells, not from source itself. There was difference in the concentration of fetal bovine serum in the culture media; 5% in HL60/RPMI and 20% in HL60/IMDM. Fetal bovine serum contains a variety of growth factors and cellular response to anti-cancer drugs may be affected by the concentration of fetal bovine serum in the media. In addition, RPMI and IMDM may provide different environmental conditions in cell culture system.
In conclusion, our study results suggest that in vitro environmental conditions have a significant influence on JNK mediated apoptosis of HL60 cells by anti-cancer drugs and in vitro culture conditions are important factors in JNK or possibly other MAPK related studies.
